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The optical spectrum of PKS 1222+216 and its black hole 
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ABSTRACT 

We investigate the optical spectral properties of the blazar PKS 1222+216 dur- 
ing a period of ^3 years. While the continuum is highly variable (i.e., from 
ALa(5100A)^ 3.5 x 10 45 erg/s up to ~ 15.0 x 10 45 erg/s) the broad line emission is 
practically constant. This supports a scenario in which the broad line region is not 
affected by jet continuum variations. We thus infer the thermal component of the 
continuum from the line luminosity and we show that it is comparable with the con- 
tinuum level observed during the phases of minimum optical activity. The mass of the 
black hole is estimated through the virial method from the FWHM of Mgll, H/3, and 
Ha broad lines and from the thermal continuum luminosity. This yields a consistent 
black hole mass value of ~ 6 x 10 8 Mq. 
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1 INTRODUCTION 

PK S 1222+216 (also known a s 4C +21.35; z = 0.432; r~ 
16; iBurbidge fc Kinmanl Il966l ; lOsterbrock fc Poggel Il987l ) 
is a Flat Spectrum Radio Quasar (FSRQ). At radio 
wavelengths it exhibits a peculiar bended large scale (~ 
100 kpc) structure and an apparent superluminal motion 
has been noticed in ma s-scale subcomponents of its jet (e.g., 
iHooimever et al.ll 19921). In X -rays a counterpar t was found 
by ROSAT dBrinkmann, Yuan, fc Siebert]|l997h . and in 7- 
rays by EGRET (|Hartman et al.lll999h . 

In the high energy range, PKS 1222+216 has recently 
shown a particularly active behaviour with flares also in the 
Very High Energy domain (VHE, i.e. E > 100 GeV). In April 

2009 a firs t outburst was reported by the F ermi Large Area 
Telescope (|Longo. Giroletti. fc IafrateH2009T ) followed, in De- 
cember 2009, by a larger one o bserved by both the AG ILE 
Gamm a-ray Im aging Detector IjVerrecchia et al.l 120091 ) and 
Fermi dCiprinil 120091). A further flare in April 2010 reached 
the VHE iDonatol hold ). This triggered several observa- 
tions in the TeV region with the ground based Cherenkov 
telescopes VERITAS and MAGIC, which were unsuccess- 
ful. T he source was f i nally detected with MAGIC in June 

2010 (|Mariottil |2010| ; lAleksic et all |201ll ). in coincidence 
with a second huge GeV emission recorded by AGILE and 
Fermi (|Striani et al.l 120101 ; llafrate. Longo. fc DAmmandol 



E-mail: emanuele . f arinaOmib . inf n. it 



l20ld : lTanaka et al.l201l] ). PKS 1222+216 is the third FSRQ, 
after 3C279 (z=0.536) and PKS 1510-089 (z=0.36), observed 
at such high energy. The 30 minutes observation by MAGIC 
allows a measurement of a variability time-scale of about 
10 minutes. The spectral energy distribution of the object 
and the high variability i mply that the je t is re lativistic 
with large beaming factors. iTavecchio et al.l (|201 lj ') suggest 
that the origin of the rapidly variable VHE energy emis- 
sion arose in a small region outside the Broad Line Region 
(BLR): if this emission were produced within the BLR, the 
high energy photons would b e strongly absorbed by photons 
from emission lines (see also iBottcher. Reimer. fc Marscherl 
2009; iNalewaiko et al.ll2012l ). Alternatively a more exotic 
scenario that considers photon /axion transition was pro- 
posed by ITavecchio et all (|2012r i. 



The optical and NIR emission of PKS 1222+216 had 
shown high daily fluctuations, that are not alway s re- 
lated 



to the 7-ray variab i lity (e . g.. ICarrasco et al.l 

iNesci fc Montagnil 



Hauser. Wagner, fc H agen 



Smith. Schmidt, fc Jannuzj 



20ld; 
201 ll ) 



2010; 



2010; 



In this paper we analyse the optical observations of 
PKS 1222+216. We study the variability of both continuum 
and emission lines. From the lines luminosity we deduce the 
thermal continuum and contrast it with the highly variable 
jet component. Finally we estimate the virial mass of the 
black hole from different recipes and lines (i.e., Mgll, H/3, 
and Ha) and compare it with the literature results. 
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Throughout this paper we consider a concordance cos- 
mology with Ho = 70 km/s/Mpc, f2 m = 0.3, and Q,a ~ 0.7. 



2 OPTICAL SPECTROSCOPY 

Spectroph otometry with the Hawa i i 2.2m telescope was pre- 
sented by IStockton fe MacKentvl (|l987l ) who however re- 
ported only line and continuum intensities. The source was 
observed between 3 900A and 9100A w ithin the Sloan Digital 
Sky Survey fSDSS; lYork et alj|2000h in January 2008 and 
the spectrum is reported in Figure Q] 

Optical spectrophotometry and polarimetry was per- 
formed at the Steward Observator y with the 2.3m 
Bok and 1.54m Kuiper telesc opes (|Smith et al.l 120091 ; 
ISmith. Schmidt, fc Jannuzil 1201 3 ). All the data are acces- 
sible to the astronomical communitjQ. Here we consider 
the 112 spectra obtained to date in the spectral range 
4000A-7550A, calibrated through V photometry and not 
corrected for telluric absorptions. At wavelengths higher 
than ~ 7000A, a strong fringing affects the spectra and pre- 
vents a precise analysis of the [OIH]a5007 narrow line. Two 
example of these spectra are reported in Figure [1] 

We also retrieved some unpublished optical photome- 
try collected between 1995 and 20010. The data were ac- 
quired with the 105 cm REOSC telescope of the Torino 
Observatory, equipped with standard Johnson's B, V, and 
Cousins' R filters and a 1242 x 1152 pixel CCD (EEV) with 
a 0.467" /pixel scale until 2000, and with a 2048 x 2164 pixel 
CCD (Loral) with a 0.32"/pixel scale thereafter. Frames 
were reduced with canonical procedures and the source mag- 
nitude calibration was der ived with respect to the photomet- 
ric sequence published in lRaiteri et alj (|l998l ). 

Triggered by the MAGIC detection, we observed the 
source with the 3.58m Telescopio Nazionale Galileo (TNG), 
La Palma, during the night of January 3, 2011. We used 
DOLORES (Device Optimised fo r the LOw RESolution, 
iMolinari. Conconi. fc Pucilldll997h in spectroscopy config- 
uration with the 2048x2048 pixel detector. Observations 
were carried out with LR-R grism, yielding a spectral res- 
olution of R=714 (1" slit) in the nominal spectral range 
4470A-10073A (AA/pxl=2.6lA/pxl). During the 1050s of 
total exposure time the mean seeing was 1.0" and the 
transparency was not optimal. Standard IRAljf] tools were 
used in the data reduction. The ccdred package was em- 
ployed to perform bias subtraction, flat field correction, im- 
age alignment and combination. The accuracy in the wave- 
length calibration is around 0.17A. Galactic extinction was 
accou nted for according to ISchlegel. Finkbeiner. fc Davis! 
ij 19981 . E(B-V)=0.023mag). Telluric absorption bands were 
corrected with two spectrophotometric standard stars. One 
observed immediately after PKS 1222+216, and one col- 
lected with the same telescope configuration but in bet- 
ter weather conditions, on January 6, 2011. The feature at 



1 http : //james . as . arizona.edu/~psmith/Fermi/ 

2 Data available at: 

http : //www. df m.uninsubria. it/far ina/pks 1222 .html 

3 IRAF is distributed by the National Optical Astronomy Obser- 
vatories, which are operated by the Association of Universities for 
Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation. 



~7200A coincidentally corresponds to the [OIII]a5007 emis- 
sion at the redshift of the blazar, affecting the measure of 
this line. Investigating the region over 8000A, where the Ha 
line resides, is delicate due to a number of factors: the re- 
sponse function of LR-R presents a strong local decrease 
and an apparent fringing is superimposed to the spectra. 
Moreover the strong water vapour absorption feature at 
9360 A falls within the Ha broad line. The flux calibra- 
tion was performed through the photometry obtained at 
Steward observatory which has been interpolated within few 
hours. The spectrum obtained (average Signal-to-Noise ra- 
tio S/N ~ 30) is presented in Figure [T] 

For the analysis of spect roscopic data we fo llowed 
the procedure pres ented in iDecarli et al.1 |2010) and 
|Pe Rosa et"aH (120111 ). Namely, we have first subtracted the 
continuum designed as a superposition of: (i) the non ther- 
mal component modelled with a power-law, (ii) the host 
galaxy emission (ado pting the Elliptical galaxy model by 
iMannucci et al.ll200ll). and (hi) the Fell m ultiplets (from 
the template of IVestergaard fc Wi lkes 2001 in the UV band 
and from our original spectrum of IZwOOl in optical). Broad 
emission lines have been fitted with t wo Gaussian curve s 
with the same central wavelength (see IDecarli et al1l2008l ). 
assuming the contribution of the narrow component as negli- 
gible. Errors on the estimated parameters have been derived 
considering the la uncertainties from both line and contin- 
uum fits. 

The analysis of Steward observatory spectra required 
particular care. For this data we have fitted the continuum 
excluding the region beyond 7000A, where the fringing dra- 
matically decreases the quality of the spectra. The luminos- 
ity of the continuum at 5100A was estimated by extrapo- 
lating the power-law up to this value. In order to not un- 
derestimate the measures of the H/3 flux and FWHM the 
fit was performed excluding the region between 6850A and 
6930A where the strong O2 atmospheric feature affects the 
blue wing of the emission line. 

In Table[T]we report the continuum luminosity at 3000A 
and 5100A, the luminosity and FWHM of Mg II, H/3, and Ha 
when present. Relevant data from analysis of each Steward 
observatory spectrum are in Table [2] 



3 THERMAL CONTINUUM AND BLACK 
HOLE MASS 

In the usual unific ation scheme of AGNs (e.g., 
lUrrv fc Padovarul Il995l l. the relativistic jet of a blazar 
is viewed closely along the observer line of sight. Thus, 
the continuum in radio to optical/UV spectral range is 
dominated by a highly polarised non-thermal synchrotron 
radiation emitted by the energetic electrons in the jet 
superimpos ed to the the r mal emission associ a ted t o the 
disk (e.g., iKonigll Il98ll : lUrry fc Mushotzkvl 1 19821. and 
speci fically for PKS 1222+216 Ismith. Schmidt, fc Jannuzil 

Son]). 

In the last three years covered by the data, the 
continuum luminosity at 5 100 A varied in the range 
35-150 x 10 44 erg/s. The REOSC photometry, collected be- 
fore 2003, corresponds to a status of minimum activity 
(V~ 16.1). From these data we infer an average colour 
index (B — R) = 0.21 ± 0.04 which, assuming a power-law 
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Figure 1. Dereddened spectra of PKS 1222+216 from: SDSS (red line), TNG (black solid line) and Steward observatory in correspondence 
of minimum (blue line) and maximum (magenta line) optical activity. The results of our fitting procedure on H/3 and H« broad line are 
plotted in light colors. Most prominent emission lines are marked with grey dotted vertical lines and the © symbol highlights the strong 
telluric absorption that affects the Steward observatory spectra at ~ 690fjA. A colour version of this figure is available in the electronic 
edition of MNRAS. 



optical spectrum F„ oc v~ a , translates into a spectral in- 
dex q = —0.44. This implies a flat optical spectrum in the 
log F„ versus log v plot, suggesting a prevailing contribution 
of thermal emission from the accretion disc over the syn- 
chrotron one. 

ISmith. Schmidt, fc Jannuzil (|20Xlh have shown that the 
H/3 luminosity in the Steward observatory sample is prac- 
tically constant while the continuum is highly variable (see 
Figure [2| . This is is in good agreement with the SDSS and 
TNG spectra (see Figure [3]). The H/3 luminosity mean value 
is 45 x 10 42 erg/s with an rms of 6 x 10 42 erg/s. As noted 
bv lSmith. Schmidt, fc Jannuzil (120111 ) the constancy of the 
H/3 line indicates that the broad line region is marginally 
affected by the huge variability of the jet. This conclusion is 



confirmed by our analysis that consider a larger number of 
spectra. 

In order to evaluate the mass of the black hole we 
consider the virial approach by assuming the FWHM as a 
measure of the virial velocity and the thermal continuum 
luminosity as a proxy for the distance of the clouds from 
the black hole, since the observed continuum may be domi- 
nated by the jet emission. We calculate the thermal contin- 
uum through t he relation with broad line luminosities found 
on QSOs (e.g., iGreene fc Holl2005l; [ Vestergaard h, Petersonl 
l200alDecarli. Dotti. fc Trevesll201ll ). We calibra te the ratio 
for H/ 3 and continuum at 5100A basing on the IShen et al.l 
|201ll ) QSO property catalogue. The low luminosities ob- 
jects (log ALa(5100A) < 44.5) show a significant contami- 
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Table 1. Continuum luminosity, luminosities and FWHM of broad emission lines obtained from TNG and SDSS spectra. For the Steward 
observatory spectra, we quote the range of the variability of the continuum and of black hole mass, and the average value (with rms as 
uncertainty) of H/3 measurements. The black hole masses shown are the average values obtained following the recipes presented in [|3] 





TNG spectrum 
Jan. 3, 2011 


Steward observatory spectra 
Apr. 27, 2009 - July 27, 2011 


SDSS spectrum 
Jan. 14, 2008 


AL A (5100A) 
AL A (3000A) 


(88 ± 2) X 10 44 erg/s 


[35 - 150] x 10 44 erg/s 


(35 ± 1) x 10 44 erg/s 
(60 ± 1) X 10 44 erg/s 


L(Hq) 
L(H/3) 
L(MgII) 


(140 ± 30) x 10 42 erg/s 
( 47 ± 5) X 10 42 erg/s 


(45 ± 6) X 10 42 erg/s 


(45 ± 2) X 10 42 erg/s 
(94 ± 6) x 10 42 erg/s 


FWHM(Ho) 
FWHM(H/3) 
FWHM(Mgll) 


(2700 ± 400) km/s 
(3600 ± 250) km/s 


(3750 ± 480) km/s 


(3750 ± 50) km/s 
(3600 ± 90) km/s 


M BH (Ha) 
M BH (H/3) 
M BH (MgII) 


3.9 x 1O 8 M 
5.0 x 1O 8 M 


[5.0 - 11.4] x 1O 8 M 


5.4 x 1O S M 
8.3 x 1O S M 



REOSC 



Steward 



m 
\ 
00 

« 100 
o 



o 
o 



50 - 



T 1 1 1 1 1 1 1 1 



I 



I 



_L 



_L 



J_ 



T 



~i 1 V 



~i 1 v 



i 



_L 



_L 



J_ 



-i 1 r - 



~l 1 r - 



_L 



_L 



50000 50500 51000 51500 



52000 55000 
MJD 



55200 



55400 55600 



55800 



Figure 2. Luminosity of the measured continuum (triangle) and of the thermal component (squares) as a function of time. In the Left 
Panel we present data deduced from the REOSC photometry assuming an average spectral index a = —0.44 (see Q- These correspond 
to a status of minimum optical activity of the FSRQ. The Right Panel shows the measures from Steward observatory spectra (red filled 
triangle: continuum measured at 5100 A, and green filled squares: thermal continuum calculated from H/3 luminosity). Cyan points are 
from TNG spectrum, and the magenta ones from SDSS (for the sake of clarity, this latter, observed the MJD(SDSS)=54479, is shifted at 
MJD=54925). Steward observatory and REOSC data are resampled in 20 days bins, and the plotted errors are the standard deviations. 
Uncertainties on the SDSS and TNG thermal continuum luminosities are the rms of the relation presented in |J3] 



nation from the host galaxy a thus are removed from the 
analysis. A similar cut is applied also to the luminosity of 
the lines, since faint lines are less reliable due to the con- 
taminations from narrow emission. Average and rms values 
of the ratio are: 



lof 



AL A (5100A) 
L(H0) 



1.82 ±0.22 



(1) 



The thermal continuum deduced from H/3 line luminosity 
(~ 30 x 10 44 erg/s with an rms of 3 x 10 44 erg/s) corresponds 
to the lower observed states of Table [1] (see Figure [2}. The 



virial mass can be expressed as: 



log 



Me 



= a log 



FWHM 



("lOC km s 



/ Lli ne 



' blO H l0 42 "erg/s J +C 
(2) 

where the coefficients a, b, and c, calibrated on local AGN 
with an estimate of the mass through the reverberation map- 
ping technique, depend on the broad line considered. The 
uncertainties associated to these measures of the mass are 
very large (> 0.4 dex) and are dominated by the dispersion 
of the relations between the radius of the BLR and the ther- 
mal c ontinuum luminosi ty (e.g., IVestergaard fc Peterson! 
I2006J : IShen et al.l l201lh . In order to compare differ- 
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Table 2. For each Steward spectra we list the measure 


of continuum luminosity at 5100AAL^, luminosity (L), and FWHM of H/3 broad 


line, and thermal continuum estimated from H/3 luminosity (L(H/3)). 












Date 


AL A 


L 


FWHM 


AL A (H/3) 


Date 


AL A 


L 


FWHM 


AL A (H/3) 




[10 44 erg/s] 


[10 42 erg/s] 


[km/s] 


[10 44 erg/s] 




[10 44 erg/s] 


[10 42 crg/s] 


[km/s] 


[10 44 erg/s] 


2009/04/27 


45±1 


41± 3 


3945± 86 


27 


2010/05/16 


60±1 


44± 5 


3604±428 


29 


nrinn I r\ \ /on 

2009/04/29 


44±1 


43± 4 


A OO O 1 1 ^70 


28 


2010/05/17 


71±2 


39± 6 


3263±684 


26 


onnn /n a /on 

2009/04/ J0 


44il 


44± 3 


A OO O I O C 


29 


2010/05/20 


75±2 


42± 7 


3433±599 


27 


onnn /nr / n i 

2009/05/01 


43±1 


41± 2 


O n A 'I 1 1 ^70 

3947±172 


27 


2010/06/10 


76±2 


43± 7 


3941±684 


29 


onnn /ntr /no 

2009/05/02 


35±1 


40± 2 


A OO O I O A O 


27 


2010/06/11 


74±2 


51± 6 


a a r* r l -i T -i 

4455±171 


33 


nnnn / -r ~t / ~t *~7 

2009/11/17 


57±2 


37± 5 


3436±172 


24 


2010/06/12 


70±2 


48± 6 


4466±258 


31 


nnnn /"in /1 r 

2009/12/15 


74±1 


42± 5 


o n a o I 1 to 

3948±173 


28 


2010/06/13 


71±2 


49± 7 


4294±173 


33 


nnnn /in / -i t 

2009/12/17 


70±1 


45± 5 


3946±259 


30 


2010/06/14 


68±1 


49± 6 


4289±172 


32 


nnnn / 1 n / -i o 

2009/12/18 


73±1 


46± 5 


3778± 86 


30 


2010/06/15 


75±2 


46± 5 


4294±173 


30 


nnnn /to / 1 n 

2UU9/iz/iy 


72±1 


37± 4 


onno I 1 T1 


24 


2010/06/16 


87±1 


45± 6 


3950±429 


30 


onnn /io /on 
iUUy/12/2U 


/D±l 


42i 4 




28 


2010/07/07 


83±2 


38± 6 


3605±600 


25 


on in/m / 1 a 

2010/01/14 


46±1 


43± 5 


onrn | ,1 o o 

3950±428 


28 


2010/11/10 


52±1 


49± 6 


4122±515 


33 


onin/ni / -i r~ 

2010/01/15 


46±1 


42± 3 


o n a n 1 /"* n 1 

3949±601 


28 


2010/11/11 


53±2 


47± 6 


3779±428 


31 


nn-i n /no /1 o 

2010/02/13 


114±2 


41± 7 


on /i t i .1 on 

3947±429 


27 


on-in/i-i /-in 

2010/11/12 


53±2 


49± 3 


3607±344 


33 


2010/02/14 


117±2 


42± 7 


3948±515 


28 


2010/11/13 


53±2 


41± 3 


3265± 86 


27 


2010/02/15 


117±3 


49± 8 


4288±172 


33 


2010/11/15 


49±2 


48± 3 


3951±172 


32 


2010/02/15 


118±4 


61± 9 


4800±343 


40 


2010/12/01 


41±1 


45± 7 


3946±230 


30 


2010/02/15 


121±3 


57± 9 


4630±342 


38 


2010/12/02 


45±1 


42± 6 


3605±429 


28 


2010/02/16 


110±2 


51± 9 


4289±513 


33 


2010/12/05 


54±1 


42± 5 


3434±172 


28 


oni n /no /1 

2010/02/16 


114±3 


54± 9 


A A C 1 f\ 1 O A O 

4460±343 


36 


2010/12/08 


51±1 


43± 3 


3436±257 


29 


oni n /no /1 

2010/02/16 


115±2 


46±10 


/i O O O 1 P" T P" 

4288±515 


30 


2010/12/09 


49±1 


45± 6 


3264±258 


30 


onin /no / -if? 

2010/02/17 


116±3 


52± 7 


/i o o o 1 or^ 

4288±257 


35 


2011/01/02 


90±2 


49± 4 


4118±427 


33 


onin /no / 1 

2010/02/17 


125±2 


41± 8 


on A t i a o o 

3947±428 


27 


2011/01/04 


75±2 


52± 3 


4118±172 


34 


2010/02/17 


117±2 


48± 6 


4291±172 


32 


2011/01/08 


104±2 


48± 5 


4289± 86 


32 


onin /no / -i o 

2010/02/18 


130±2 


48±10 


/i /i r n 1 /i on 

4459±429 


32 


2011/02/02 


50±1 


43± 2 


3265± 87 


28 


2010/02/18 


119±2 


59± 8 


4799±257 


39 


2011/02/03 


50±1 


44± 2 


3437±121 


29 


2010/02/19 


120±3 


52± 5 


a a r" o l o i n 

4458±310 


34 


2011/02/05 


50±1 


45± 3 


3609±344 


30 


2010/02/19 


128±2 


41±10 


3775±598 


27 


2011/02/07 


49±1 


43± 3 


343 7± 343 


28 


nn-i n /no /1 r~ 

2010/03/15 


48±1 


42± 5 


o^^n 1 /^nn 

3779±600 


28 


2011/02/08 


50±1 


43± 2 


3609±173 


29 


nn-i n /no /1 r 

2010/03/15 


49±1 


40± 6 


3263±258 


27 


2011/03/02 


129±3 


49± 6 


3953±428 


32 


2010/03/16 


50±1 


42± 6 


3607±429 


28 


2011/03/04 


143±2 


43± 7 


3433±428 


28 


onin /no I -\ c 

2010/03/16 


48±1 


41± 6 


o f n o 1 • ) 1-1 

3603±343 


27 


2011/03/04 


152±2 


39± 6 


3261±343 


26 


onin /no / -i 

2010/03/17 


47±1 


45± 9 


A O O n 1 F "1 

4289±514 


30 


2011/03/05 


120±3 


60± 8 


4288±599 


40 


onin /no / 1 

2010/03/17 


48±1 


40± 6 


3607±258 


26 


2011/03/05 


121±3 


62± 7 


4632±257 


41 


onin /no / -i o 

2010/03/18 


51±1 


43± 8 


3605±428 


28 


2011/03/06 


129±2 


43± 7 


2919±343 


28 


2010/03/18 


50±1 


43± 4 


3948±428 


29 


2011/03/06 


131±2 


42±11 


2920±428 


28 


2010/03/19 


53±1 


46± 5 


3607±344 


31 


2011/03/08 


115±2 


38± 6 


3263±429 


25 


onin /no /-in 

2010/03/19 


52±1 


41± 6 


o <or 1 or ^ 

3435±257 


27 


2011/03/29 


55±2 


48± 4 


4290±256 


32 


nn-i n /no /on 

2010/03/20 


54±1 


42± 4 


O TT ^ 1 J o O 

3774±428 


28 


2011/03/30 


58±3 


51± 7 


4289±599 


33 


nn-i n /no /on 

2010/03/20 


53±1 


45± 3 


o o r* n 1 ~t ^7 a 

3259±174 


29 


2011/04/04 


58±1 


45± 4 


3609±172 


29 


2010/03/21 


51±1 
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ent estimate we cons i der calibrations p r esented by 
iMcLure fc Dunlod (l2004l),lGreene fc Hoi jl2005h.lKaspi et all 
d2005f). IVestergaard fc Peterson! (l2006h. IShen et all d201lfl 
IVestergaard fc Osmerl ||2009h . and lDecarli. Dotti. fc Treves! 
(2011J) Average black hole masses estimated for each emis- 
sion line are in Table [TJ and in Figure |4] we compare the 
various recipes considered to determine these values. Our 
measurements are consistent with Mbh ~ 6 x 1O 8 M0, re- 
gardless of the relation considered. 



4 SUMMARY AND CONCLUSIONS 

We investigate the variability of broad lines of 
PKS 1222+216 through the analysis of spectra col- 
lected in a period of more than 3 years. The H/3 line 
remains almost unchanged despite multiple flaring in both 
optical and 7-rays. This is c onsist ent with the scenario 
proposed by iTavecchio et al.l (|201ll ) in which the intense 
and rapidly variable VHE emission is l ocated at large 
distance (> 0.1 pc) from the BLR (but see: ITavecchio et al.l 
120121 ). 

Since the BLR emission is almost stable, we estimate 
the virial black hole mass following various recipes, and from 
Mgll, H/3 and Ha, we find t hat is ~ 6 x 10 8 Mp . This mass 
is close to that proposed by IShen et al.l (|201ll ) on the ba- 
sis of SDSS continuum which in fact corresponded to a low 
st ate, but it is signifi c antly higher than the mass proposed 



by Wang. Luo. fc Hoi j200J) and re ported by Tanaka et al 



2011 ) . This possibly derives from IStockton fc MacKent 
19871 ). where however no information is reported on the 



FWHM of Kj3. 

The black hole mass of PKS 1222+216 does not sub- 
stantially deviate from the mass distribution of the popula- 
tions o f FSRQ at the sa me redshift (0.1 < M B h/1O 8 M < 
10.0, IShaw et al.l I2012T I. Because of its redshift we ex- 
pect that dedicated infrared observations of the source 
with a medium size telescope should enable the detection 
of the host galaxy, in particular in case of low optical- 
NIR emission activity: i.e. if the nuclear luminosity does 
not overcome the hos t galaxy luminosity by more than a 
factor of ~ 10 (e.g.. iKotilainen. Falomo. fc Scarpa! 1 19981 : 



iMeisner fc Romanill2010r IKotilainen et al.ll201ll ). From that 
an independent estimate of the black hole mass may follow. 
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Figure 3. Top Panel: Zoom of the H/3 region of PKS 1222+216 
spectra. Data are from SDSS (red line), TNG (black line) and 
Steward observatory at the minimum (blue line) and at the max- 
imum (magenta line) of optical activity. The emission lines are 
marked with grey dotted vertical lines. The ® symbols point re- 
gions where the Steward observatory spectra are affected by tel- 
luric absorption. Bottom Panel: Same of the Top Panel but the 
spectra are continuum subtracted. 
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